1 PRINT DATE: 10/07/75:2

FATLURE MODER EFFECTE AMALYATS (FMEA} -~ CRITICAL EARDWARE
WIMEER! M4-l1BG-HEOQLlO=-T

BOBEYATEM MAME: ELECTRICAL POWER GENERATION = CRYO, GENERIC
REVISION : 2 0%/30/92

PART KAMR PART NUMBER
VENDOR FANE VENDOR NUMBER

LRU : TANK SUHASSEMBLIES, 02 MO2B2-0063-0300
EEECH 15548=1001

LRD i TANE SUBASSEMBLIES, O2 MCZ82=0112=0100
EALL AEROSPACE 163195=500

£RD :  HEATER, TANE, 102 15548-2005 (BERCH)

5RU :  HEATER, TANK, LOZ 163203 (BALL AERO.)

- PART DiTA -

EITENDED DESCRIPTION OF PART UNDER ANALYSIR:
Lo TANK HEATER

FOR LO2 TANE SUBASSEMBELIES
40V4STEA1D
40V4ETKO20
A0V4STEAQD
4 0V45TE4A 50
4 0VASTESG OO
A 0VASTE7 60
4 OVASTEZ70
L O0VASTE7RD
40V45TE790

REFERENCE DEEBIGNATGORA

Lo LA TR BT B BT T )

QUANTITY OF LIXE ITEME: 2 -
TWO ELEMENTS PER LOZ TANEK HEATER, TRWO HEATERS FER .LO2 TANK, 3-2 TANKS -

MISSION DEPERDENT

FUNRCTION:
FROVIDES HEAT TO THP 102 TAKES TO MAINTAIN TANX FRESSURE.
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2 PRINT DATE: 10/07/92

mnm MODEE EPFECTS ANALYEBIS (FMEA) ~— CRITICAL FAILURE HobE
FUMSER: ¥4~ 1BEG-HEOL10-D3

, REVISIONF 2 09/50/02
BUBSYSTEM: ELECTRICAL POWER GENERATION — CRYQ, GENERIC
IRU TANK SUBASSEMBLIES, 02 CRAITICALITY OF THIS
ITIM MAME: HEATER, TANK, LO2 FAILURE MODE:1R3

P i — [ X1 - -

FAILURE MODE:
INTERNAL SHORT OF TANK HEATER

EIBEION FEAEEY

PL FRELAUNCE

Lo LIFT=OFF

00 ON=-OREIT

DO DE~-ORBIT

s LANDING SAFING

VERICLE/PAYLOAD/RIT EFFECTIVITY: lo2 COLUMBIA
103 DISCOVERY
lo4 ATLANTIS

105  ENDEAVOUR

CATSE:
ETRUCTURAL  FAILURE, VIBRATION, CONTAMINATION, MECHANTCAL. SHOSE,

FROCESSING ANOMALY, THERMAY. STRESS
CRITICALITY 1/1 DURING INTACT ABORT ONLY? KO

RECUNDANCY BCREEN A) FATIL
B} FAIL
C) PASS

FREES/FAIL RATIONALE:
A) REDUKDANCY SCREEN TA® FATLES BECAUSE THE FAILAJRE MODE OF TEE FIRST

LAYER OF INSULATION SHORTING IS NOT DETECTABLE DURING GROUND TURNAROUND
TESTS.

B) REDUNDANCY SCREEN MB* FAILS RECAUSE THE FATLORE MODE OF THE FIRST
LAYER OF INSULATICN SHORTIKG IS NOT DETECTABLE IN FLIGHT.

c}
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3 PRINT DATE: 10/D7792

FAILURE MODES EFFECTE AMALYSIE (FMEA) ~=- CRITICAL PATLURE NODE
NUMBER:Mi~3BG-EE018-03

= FATLURE RXFPECTE -

{A) BUBEYOTEM:
LOSE OF THE AFFECTED LO2 TANE HEATEER.

(B) INTERFACING SUBSYSTEM (E):
LOS5 OF REDUNDANCY. LOSS OF ONE METHOD OF PROVIDING REQUIRED HEAT 70 103

TANK.

(¢) MIBEION:
HO EFFECT - FIRST FAILORE

{D) CREW, VEHICLE, AND ELEWENT(8):
NO EFFECT = FIRST FAILURE

{E} FUNCITIONAL CRITICALITY EFFECTA: )
POSEIBLE 1OSS OF CREW/VEHICLE DUE M0 THE FOLLOWING SCENARIO: 1} 102 TANK
HEATER SHURTS THROUGH ONE OF ITS DOUBLE LAYERS OF INSULATIGQN, Z) SEME 1072
HEMTER SHORTS YHROUGH .IT5 SECOND LAYER OF INSULATION - SHORTS To
STRUCTURE, 3} CURRENT LEVEL DETECTOR FAILE TO RESPOND TO THE UNBALANCED
HEATER CURRENT, 4) REDUNDANT CURRENT LEVEL DETECTOR FAILS TO RESPODND,
POSSIELY INDUCING LOCALIZED HOT SPOTS, RESULTING IN FOBSIPLE
RUFTURE/EXPLGSION OF THE LO2 TAMK,

= DISPOSITION RATIOMALE -

T N e e e e el ot . . ol e - - -

{A} DEBIGN:

FUNCTICNAL DESCRIPTION

THE HEATER FROVIDES TANE PRESEURIZATION AFTER GSE DISCONNECT HY ADDING
ENERGY TO THE STORED CRYOGEN WHICH I8 ACHIEVED THROUGH CYCLING HEATERS
INZIDE THE TANKS. THERE ARE TWO HEATERS (A AND B) IN EACH TANK WITH
INDEPENDENT CONTROL. EACH LO2 TANK HEATER CIRCUIT OPERATES THWD HEATING
ELEMENTS IN PARALLEL. A HEATER IS ACTIVATED BY A THREE-POSITION SWITCH
(ON/DIF/AUTO) THAT ATIDWS MANUAL OPERATION BY THE CREW OR AUTOMATIC
OPERATION BY THE HEATER CONTROL BOX. THE CONTRCLLER, ONE PER LO2/LH2
IANK SET, HAS BUILT-IN 1OGIC TO CONTROL HEATER CYCLING (OV-102 HAS
LO2/LH2 TANES 4 AND 5 CONTROLLED BY A COMMON HEATER CONTHROL BOX}. IN TEE
"AUTO® MODE OF OPERATION, THE HEATER CONTROLLER BOX TURNS THE EEATER "ON"
FOR PRESSURE INCREASE OR "OFF" FOR DRESSURE DECREASE. MANUAL SWITCHING
TO "ON/OFF® POSITION BY THE CREW IS FOR SPECIAL OFPERATIONS ONLY.

FEYSICAL DESCRIPTION
THE LOZ TANEK HERTER IS COMPRISED OF A 16 AWC NICHROME V WIRE ELEMENT WITH

A DOUBLE INSULATION SHEATH OF POWDERED EILICA DIELECTRIC. THE INNER
IRSULATION LAYER IS SHEATHED WITH CRES WHICH IS ISOLATED FROM STRUCTURAL
CROUND AND THE OUTER INSULATION LAYER IS EHEATHED WITE CRES WHICH IS
CONNECTED TO STRUCTURAL GROUND. NICKEL LEAD WIREE ARE WELDED TO THE
NICHROME V HEATER ELEMENT. ° THE CRES SHEATH TRANSITIONS FROM A DOUELE
SHEATH TO A SINGLE SHEATH NEAR THE ENDS OF THE HEATER. THE NICKEL LEAD
WIRES ARE SEALED AT THE ENDS OF THE SINGLE CRES SHEATH WITH EPOXYLITE.
AT THE COLD END OF THE ELEMENT, THE NICKEL LEAD WIRE IS JOINTED TO COEFER
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4 PRINT DATE: 10707/592

FAILURE MOLEIS EFFECTE ANALYEIS (FMEA) == CEITICAL FAILURE MODE
KUMBER:N4-1BG-HEC10-023

WIRE USING A EI-METAL SPLICE, THE HEATER ELEMENTS ARE BENT TO FIT INEIDE
THE HEATER MASSEMELIES AND ARE GOLD-BRAZED TO THE ASSEMBLY TO MATNTAIN
GOOL HEAT TRANSFER. THE ASSEMBLIES ANF OXIDE COATED TO &IVE HIGH

EMIEEIVITY.

THE CERTIFIED PART KUMBERE ARE 163203 (BALL AERCSPACE) AND 15548-2005
{BEECH) .,

(8) TEET:
HEATER ASEEMBLY QUALIFICATION TESTS INCLUDED: ACGEPTANCE TESTING, RANDON
VIBRATION (X-AXIS: 0.003 G SQ/HZ TO 0.4 ¢ SQ/HZ, Y AND Z-AXIS: 0.01 G
SQ/HE TO 0.3 G SQ/HZ; 48 MINUTES PER AXIS), SINUSOIDAL VIBRATION (5 TO 35
HE +/- 0.25 G PEAK, 2 MINUTE 45 SECOND MINIMUM AT EACH AXIS), PASS/PALL
FOR HEATER CONTINUITY AND RESISTANCE (3.36 TO 3.58 OHMS AT 73 4/~ 18
DEGREE F), AND HEATER ELEMENT INSULATION RESISTANCE (500 +/- 25 VDC, 500
MEGOHMS FOR 2 MINUTES).

- ACCEPTANCE TESTS YVERIFIED FUNCTIONAL OPERATICN OF HEATER ASSEMBLY.
DIELECTRIC STRENGTE IS TESTED FOR THE HEATER ELEMENT {1000 VEMS FOR 1
MINUTE AND FOR THE HEATER SUBASSEMELY AT 1128 +/— 21 VD¢ WITH RETEST
VOLTAGE AT 900 VDC WRERE THE LEAKAGE CURRENT EHALL NOT EXCEED 2.83
MILLIAMPERES). INSULATION RESISTANCE BETWEEN THE MEATER LEADS AND INNER
SHEATH (500 MECOHMS MIKIMUM). OUTER CRES HEATER SHEATH IS VACTUM LEAK
TESTED (1X10 TO MINUS & SCC/SECOND HELIUM AT 1 ATMOS FRESSURE) AND ALL
WELD AND BRAZE JOINTS ARE RADIOGRAPH INSPECTED.

OMRSD;: ANY TURNARDUND CHECROUT TESTING IS ACCOMPLISHNED IH ACCORDANCE W1TH
CMRSD.

{C) INSPECTIONM:
RECEIVING INSPECTION
MATERIAL AND PROCESE CERTIFICATICH DOCUMENTS ARE REVIEWED FOR COMPLIANCE

WITH FROGRAM REQUIREMENTS BY INSPECTION.

CONTAMINATION CONTROL _
ALL DETAIL PARTS ARE CLEANED PER ROCKWELL APPROVED SUPFLIER PFROCEDUREE.

SUBASSEMBLIES ARE VERIFIED CLEANED TO LEVEL 200A BY INSPECTION.

ASSEMBLY/INSTALLATION
DETAILED INSFECTION PERFORMED ON ALL PARTS PRIOR TO NEXT ASSEMBLY.
BRAZING AND WELDING VERIFIED BY RADIOGRAPH INSFECTION. HEATER SHEATH IS
VACUUM LEAK TESTED. CORROSION PROTECTION PROVISIONS VERIFIED BY

IRSPECTION,

CRITICAL PROCESSES :
ALL CRITICAL PROCEESES AND CERTIFICATIONS, INCLIODING BRAZING AND WELDING&,

ARE MOKITORED AND VERIFIED BY INSPECTION.

TESTING
ACCEPTANCE TESTS, INCLUDING IMSULATION RESISTANCE, DIELECTRIC ETRENGTH,

FUNCTIONAL AND PERFORMANCE ARE OBSERVED AND VERIFIED BY QC.

HANDLING/ PACKAGING _
HANDLING, PACKAGING, STORAGE AND SHIFPING FROVISIONS ARE VERIFIED BY

INSPECTION.
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FAILURE MODES EFFECTE AMALYRIS (FMEA) == CRITICAL FAILURE MODE
NOMBER I Mi=-1BG~-HEOLIO0=03

{P) FAILURE HIBTORY:
TEERE HAVE BEEN NO INTERNAL SHORT FATIURES OF A 1LOZ TANK EEATER ASSEMBLY

IN TEE SHI'TTLE OREITER FROGRAM.

. (E) OPERATIOMARL UOE:
CURRENT LEVEL DETECTOR WILL AUTOMATICALLY SHUT OFF FAILED 1oO2 TANK HEATER

ELEMENT AFTER SECOND FATIURE. CREW WILL DISABLE HEATERS IN AFFECTED
TANE.

- APPROVALE =
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